Purpose of the Study: Interest in cognitive training for healthy older adults to reduce cognitive decline has grown considerably over the past few decades. Given the shift toward a more diverse society, the purpose of this review is to examine the extent of race/ethnic minority participation in cognitive training studies and characteristics of studies that included race/ ethnic minority participants. Design and Methods: This review considered peer-reviewed studies reporting cognitive training studies for cognitively healthy, community-dwelling older adults (age 55+) in the United States published in English before December 31, 2015. A total of 31 articles published between 1986 and 2015 meeting inclusion criteria were identified and included in the review. Results: A total of 6,432 participants were recruited across all of the studies, and ranged in age from 55 to 99 years. Across all studies examined, 39% reported racial/ethnic background information. Only 3 of these studies included a substantial number of minorities (26.7% in the ACTIVE study; 28.4% in the SeniorWISE study; 22.7% in the TEAM study). Race/ ethnic minority older adults were disproportionately underrepresented in cognitive training studies. Implications: Further research should aim to enroll participants representative of various race/ethnic minority populations. Strategies for recruitment and retention of ethnic minority participants in cognitive training research are discussed, which could lead to the development of more culturally appropriate and perhaps more effective cognitive interventions.
The U.S. population will undergo a demographic shift in the coming decades. By 2050, the number of U.S. adults aged 65 and older is projected to reach 88.5 million, which is more than double the 40.2 million older adults captured in the 2010 U.S. Census (Vincent & Velkoff, 2010) . Age is the greatest risk factor for cognitive decline (Hebert, Weuve, Scherr, & Evans, 2013) , which is the clinical hallmark of Alzheimer's disease and related dementias (ADRD). The Alzheimer's Association estimated that there will be a 40% increase of persons with Alzheimer's disease, from 5.3 million in 2015 to 7.1 million in 2025 (Alzheimer's Association, 2015) . Older individuals will be disproportionately affected, and this fast-approaching shift highlights the need for prevention and early intervention.
The older population in the United States is not only growing at a fast pace but is also increasingly ethnically and culturally diverse. Minority older adults are expected to comprise 42% of the total U.S. older adult population in 2050 compared to 20% in 2010, and the most notable projected increase will be a sixfold increase in the older Hispanic American population (Vincent & Velkoff, 2010) . Older African Americans made up 9% of the total U.S. older population in 2014 and by 2060, that figure is projected to grow to 12% (Administration for Community Living, 2015) . Following a similar upward trend, Asian Americans 65 years and older made up 4% of the total U.S. older population in 2014, and the percentage is projected to increase to 9% by 2060 (Administration for Community Living, 2014) .
Although findings are not consistent, most studies have shown that certain groups of ethnic minority older adults are at greater risk of developing cognitive impairments or ADRD when compared to non-Hispanic Whites (Glymour & Manly, 2008; Yeo, 2006) , including African Americans (Dilworth- Anderson et al., 2008; Gurland et al., 1999; Hendrie et al., 2001; Potter et al., 2009; Tang et al., 2001) and Hispanic/Latino Americans (Clark et al., 2005; Gurland et al., 1999; Haan et al., 2003) . Much less is known about Asian Americans. To our knowledge, only two Asian American subgroups, Japanese Americans from Seattle, WA and Honolulu, HI (Graves et al., 1996; White et al., 1996) and Chinese Americans in the Greater Chicago area (Dong, Wong, & Simon, 2014) , have been systematically included in epidemiologic aging studies.
Taken as a whole, these factors have led to an increased focus on methods for reducing cognitive decline as people get older. Several recent reports have enumerated risk factors that may be modified to reduce risk of cognitive decline among older persons (Baumgart et al., 2015; Glymour & Manly, 2008; Hughes & Ganguli, 2009 ; IOM [Institute of Medicine], 2015; Whalley, Dick, & McNeill, 2006) .
In this context, cognitive training has gained considerable interest in the past decade in the research community, as evidenced by the rapid growth of the number of publications that contain terms such as "cognitive training," "cognitive remediation," or "cognitive rehabilitation" over the last 2 decades (Walton, Mowszowski, Lewis, & Naismith, 2014) . This increased interest is also evidenced by a number of recently published reviews of cognitive training studies in healthy adults (defined most commonly as having no known cognitive impairments; Baumgart et al., 2015; Coyle, Traynor, & Solowij, 2015; Gross et al., 2012; Hertzog, Kramer, Wilson, & Lindenberger, 2008; Kelly et al., 2014; Lampit, Hallock, & Valenzuela, 2014; Martin, Clare, Altgassen, Cameron, & Zehnder, 2011; Moreau & Conway, 2014; Owen et al., 2010; Papp, Walsh, & Snyder, 2009; Rebok, Carlson, & Langbaum, 2007; Saczynski et al., 2012; Valenzuela & Sachdev, 2009; Williams, Plassman, Burke, Holsinger, & Benjamin, 2010) .
Cognitive training refers to standardized, systematic training on cognitive tasks designed to improve cognitive functions (Coyle et al., 2015; Lampit et al., 2014) . Most cognitive training has been carried out in small group settings by trained facilitators over a set number of sessions (Rebok et al., 2007; Rebok, Parisi, Gross, & Spira, 2010 ).
An example is the ACTIVE (Advanced Cognitive Training for Independent and Vital Elderly) trial, the largest randomized controlled trial (N = 2,832 across six sites) to date that examined the efficacy and durability of cognitive training on cognitive abilities and everyday functioning among community-dwelling older adults who were free of cognitive impairment at baseline (Ball et al., 2002; Rebok et al., 2014; Willis et al., 2006) .
Given that the cognitive training field has grown substantially over the years, the demographic shift toward a more diverse elderly population described above, and the fact that some ethnic minority populations bear a greater risk of developing ADRD (Dilworth- Anderson et al., 2008; Manly & Mayeux, 2004; Yeo, 2006) , surprisingly little is known about the use and effectiveness of cognitive training among U.S. community-dwelling ethnic minority populations. This review summarizes past cognitive training research to address gaps in the current literature with regard to: (a) the extent to which cognitive training studies have included ethnic minority participants and changes in their inclusion over time and (b) characteristics of studies that included ethnic minority participants. Implications for future research, including methods to encourage more participation of older ethnic minority adults in cognitive training studies, are discussed.
Methods

Selection Criteria
To be eligible for inclusion in this review, studies were required to be randomized controlled trials of cognitive training interventions performed in the United States and reported results in peer-reviewed journals prior to December 31, 2015. Participants needed to be communitydwelling older adults with no known existing cognitive impairment and to be at least 55 years of age at the time of the training. Considering the variations in the race/ethnic makeup and demographic structures across countries, we excluded international studies to focus the discussion on trends in minority participation in the specific context of the pending demographic changes in the United States. Previously published reviews of cognitive training studies have applied different age cutoffs to their inclusion/exclusion criteria, for example, an age cutoff of 60 in Lampit and coworkers (2014) , and an age cutoff of 55 in Kueider and coworkers (2012) . Considering the recent trend toward broadening the age of eligibility as shown in several cognitive training studies (Anderson, White-Schwoch, ParberyClark, & Kraus, 2013; Chapman et al., 2015; McDaniel et al., 2014) , we established the age cutoff at 55 for this review to capture a wider range of cognitive training studies that have been developed and implemented targeting older adults. Studies that did not screen for cognitive impairment were excluded because the design of cognitive training may differ substantially when targeted toward persons with cognitive impairment. All modalities of cognitive training (e.g., individual vs. group, in-person vs. computerized) were included. To ensure that each cognitive training study was only included once, we only included the primary outcome paper from each study in this review. Studies that included cognitive training conducted in other languages were considered but were required to be published in English due to resource constraints.
Databases that were searched included PubMed, PsychInfo, and ClinicalTrials.gov to identify past and ongoing randomized controlled trials conducted in the United States. To avoid risk of bias, two independent reviewers screened titles and abstracts and excluded articles not meeting selection criteria. The reviewers then conducted a full-text review after excluding ineligible abstracts and removing duplicate articles. Disagreements were discussed and resolved by an expert in cognitive training (G. W. Rebok). Efforts were made to contact lead authors in cases where key information was missing from the publications. The final list of included studies was approved by G. W. Rebok.
Search Strategy
Combinations of the following search terms were used: (a) cognitive intervention, cognitive training, brain training, memory training, mnemonic training, cognitive retraining, cognitive retraining, cognitive support, memory retraining, memory support, memory stimulation, memory strategy; (b) healthy elderly, elderly, older adults, old adults, cognitive ag(e)ing, normal, cognitively healthy, cognition, prevention, delay, cognitive decline, cognitive reserve, cognitive performance, cognitive function, cognitive decline, cognitive abilities. Filters were used to search for publications with age groups identified as 55 years and older and for clinical trials in PubMed. The search also included examining references from published review articles, book chapters, and Google Scholar to identify any missed articles. Cognitive training programs were divided into two categories: (a) single, domain-specific programs that targeted only memory, reasoning, processing speed, attention, or visuospatial skills and (b) multidomain programs that trained a combination of cognitive tasks and/or were conducted with other interventions such as physical activity.
Results
A total of 332 records were identified through the electronic database search and from other sources (222 from PubMed, 90 from PsychInfo, 20 from references in book chapters and review papers). In total, 295 duplicates were identified and removed. After review of titles and abstracts, 161 additional papers were excluded; 134 articles remained and underwent full-text review by two independent reviewers. After consulting with study authors and an expert (G. W. Rebok), 103 articles were excluded for the following reasons: (a) not meeting the randomization criteria (n = 4), (b) not cognitive training (n = 3), (c) not a primary outcome paper (n = 38), (d) study participants had some form of cognitive impairment (n = 3), (e) some or all of the participants were not living independently in the community (n = 4), (f) study was not conducted in the United States (n = 40), and (g) some or all of the participants were younger than 55 years at the time of the study (n = 11). Figure 1 illustrates the search and screening process. A total of 31 papers were included in the final review.
Race/Ethnic Minority Participation in Included Studies and Changes in Participation Over Time
A total of 6,432 participants were recruited across all 31 studies examined in this review, and participant age ranged from 55 to 99 years. The included studies were published between 1986 and 2015. Figure 2 displays the number of cognitive training studies meeting review inclusion criteria over this interval. Only 1-2 cognitive training studies meeting inclusion criteria were published in each of the following 5-year periods: 1986-1990, 1991-1995, 1996-2000, and 2001-2005 . There was a steady increase in the number of cognitive training studies published beginning in 2005. Twenty-five (i.e., 81%) of the cognitive training studies meeting inclusion criteria were published between 2005 and 2015.
Only 12 of the 31 (39%) studies provided data on the participants' race and/or ethnicity. No included studies published prior to year 2000 provided information on the ethnic/racial characteristics of their sample. Among studies that reported the ethnic/racial breakdown (n = 12), study participants were predominantly White (around 81%). African Americans participated in 5 of the 12 studies; all Hispanic/Latino participants were from a single study, the SeniorWISE study (McDougall et al., 2010b) . Only one Asian American participant was explicitly reported to have participated in cognitive training research since the first cognitive training study meeting inclusion criteria 
Characteristics of Included Studies
Participant demographics and study characteristics are displayed in Table 1 . Eighteen studies targeted a single cognitive domain including memory (n = 11), speed of processing (n = 4), reasoning (n = 2), and attention (n = 1). Thirteen studies involved multidomain training and in some of these studies, other forms of training that have been shown to improve cognitive health (e.g., physical activity) were included in the intervention.
Of the 12 studies that reported race/ethnic background information, 8 studies targeted specific cognitive domains including memory (n = 4) and speed of processing (n = 4) and 4 studies involved multidomain training. No differential training effects among racial/ethnic groups were explicitly reported except in the SeniorWISE study (McDougall et al., 2010b) . Investigating race and ethnicity as a covariate, McDougall and coworkers (2010a) reported that African American and Hispanic participants had greater training-related improvements on some cognitive measures such as visual memory but not on other memory measures compared to White participants. Only one study in this review specifically targeted cognitive training as a tool for fall prevention to a specific racial/ethnic minority group, in this case, African Americans (Smith-Ray, MakowskiWoidan, & Hughes, 2014) . This study showed that a cognitive training program could be efficacious in preventing falls in a group of older African Americans.
Discussion
Cognitive training programs for older adults have proliferated in recent years (Walton et al., 2014) . However, to our knowledge, this is the first review dedicated to examining ethnic/minority participation in cognitive training research in the United States. This review reports results from 30 years of cognitive training studies for community-dwelling, cognitively normal older adults in the United States. Of the cognitive training studies reviewed, only 39% reported the race/ethnic makeup of their study participants. In fact, in the 15 years since the first study identified in this review was published (i.e., 1986-2000) , none of the studies reported participant race/ethnic information. Since these data first became available in the early 2000s, 10 of the 12 studies that reported race/ethnic data enrolled non-White/Caucasian participants, but the participants were predominantly White/Caucasian. However, with the exception of three studies (Ball et al., 2002; Fairchild & Scogin, 2010; McDougall et al., 2010b) , the percentage of non-White participants in the remaining studies that reported the race/ethnic breakdown (n = 9) was minimal, ranging from 0% to 17%. According to our review, the ACTIVE trial (Ball et al., 2002) , the SeniorWISE study (McDougall et al., 2010b) , and the Training to Enhance Adult Memory (TEAM) (Fairchild & Scogin, 2010) were the only studies that systematically recruited (or over-recruited) from diverse populationsAfrican Americans (26%) in ACTIVE, African Americans (11.5%) and Hispanic Americans (16.9%) in SeniorWISE, and African Americans (20.8%) and one Asian American (1.9%) in TEAM, out of all participants in these respective studies. It is assumed that some race/ethnic data may have been grouped under the catch-all "other" category, which prevented us from calculating exact participation rates of persons from specific ethnic minority groups over time.
Cognitive training studies have encountered challenges similar to those faced by researchers in other areas of aging in terms of recruitment and retention of race/ethnic minority populations. One example of the low participation rate among ethnic minority older adults was a study that examined neuropathologic data collected by 29 Alzheimer's Disease Centers across the United States, in which only 5.1% of autopsies came from minorities (Beekly et al., 2004) . Findings in this review are consistent with others in aging research in that ethnic/minority Americans are understudied, and there is much room for improvement Table 1 .
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The Gerontologist, 2018, Vol. 58, No. 5 e318 in the inclusion of diverse populations (Curry & Jackson, 2003; Hughes, Varma, Pettigrew, & Albert, 2015; Manly & Mungas, 2015; Schneider, 2005) .
Reducing cognitive decline has a significant public health impact because maintenance of cognitive abilities is essential for preserving independence and influential in predicting long-term care needs. Comparing the ethnic minority participation rate found in this review with the current and projected populations of each race/ethnic group (Ortman, Velkoff, & Hogan, 2014) , it is clear that race/ethnic minority older adults have been disproportionately underrepresented in cognitive training studies. This is concerning given that in coming decades, we will see a narrowing of the gap between the proportion of White/ Caucasian and non-White, ethnic minority Americans in the entire U.S. population.
Further complicating the changing demographic landscape is the already well-documented health disparities among older minority Americans. Studies have found that ethnic minority older adults not only encounter more barriers to accessing quality health care, but also experience disparities in research, including cognitive aging research (Chin, Negash, & Hamilton, 2011; Glymour & Manly, 2008; Sloan & Wang, 2005; Zuckerman et al., 2008) . As an example, it was found that female and non-White individuals were underrepresented in Phase III ADRD clinical trials due to the typically strict inclusion/exclusion criteria used (Schneider, Olin, Lyness, & Chui, 1997) . The higher prevalence of certain health problems (e.g., diabetes, certain cancers, cardiovascular events), potential race-related differences in pathobiology and responses to interventions, and the need to increase generalizability of research results are additional reasons for the need to increase ethnic minority participation (Moreno-John et al., 2004) . We cannot begin to answer questions such as who will benefit most from cognitive training studies, which factor or combination of factors lead(s) to differential training effects, and other questions critical to eliminating health disparities in older Americans until we have sufficient numbers of participants in intervention studies to adequately represent the existing and future demographic makeup of the United States.
Although it is not the intention of this paper to discuss in great detail the various strategies identified from previous studies, it is important to highlight some of the "bestpractices" and how they have been applied to cognitive training studies (mostly from the SeniorWISE study) to foster a platform for generating ideas toward a more inclusive cognitive aging research environment.
One of the strategies is developing relationships with key community members or agencies that are respected in their community and would be helpful in recruiting potential research participants. In SeniorWISE, cultural liaisons and gatekeepers in the community helped build program credibility and facilitated social engagement to increase the research team's presence, which forged a stronger sense of trust among ethnic/minority participants and increased interest in participating in the program (McDougall, Simpson, & Friend, 2015) .
Commitment to ongoing communications with research participants, including providing feedback regarding study results to the broader community, is also important. For example, the Minority Aging Research Study in Chicago maintains frequent contact with participants including quarterly phone calls, newsletters, sending participants special occasion cards for birthdays and holidays, and actively disseminating research updates and educational presentations on healthy aging related topics (Barnes, Shah, Aggarwal, Bennett, & Schneider, 2012) . Similarly, in SeniorWISE, there were ongoing interactions with the community (e.g., birthday cards, monthly newsletters) (Austin-Wells, McDougall, & Becker, 2006) . The newsletter provided study updates and contained columns that addressed various topics of interest to the participants. By being more visible and open, these strategies reportedly helped with study retention (McDougall et al., 2015) . Clearly, this requires significant resources. Unfortunately, many past studies likely did not anticipate the level of resource and budget required, and this is something that future studies can learn from and include in the budget in the study-planning phase.
The issue of cultural competence cannot be emphasized enough with regard to cognitive training research, especially when there is a need to address culture-specific beliefs and concerns. Recruitment, assessment, and intervention materials (e.g., study pamphlets, outreach presentation, media ads, questionnaires) should be developed with cultural sensitivity (e.g., translated materials) and written at a level appropriate to the health literacy level in the target race/ethnic community. Efforts to hire bi-cultural/bilingual staff are highly recommended because they are sensitive to cultural nuances and oftentimes become the primary broker between race/ethnic group and the research team. In addition to partnering with cultural liaisons in the community, a number of culturally appropriate strategies were employed in SeniorWISE, including: (a) Recognizing the impact of cultural stigma surrounding dementia by avoiding language that some minority participants might view as stigmatizing. For example, the memory training program was described as "successful strategies to age well." (b) The original 50-item Memory Self-Efficacy Questionnaire was reduced to 35 items, taking out items that Hispanic and African American participants had difficulty comprehending, so that it was more user-friendly without sacrificing reliability and validity. In an earlier version of SeniorWISE with Puerto Rican elders, the Spanish version of the MiniMental State Examination and Geriatric Depression Scale were used, and all other measures were translated into Spanish (McDougall, 1998) . (c) Adaptations were made to the performance-based Direct Assessment of Functional Status to assess participants who may have little experience with certain functions that are tested (e.g., driving, writing a check). (d) Focus groups were held in advance of the SeniorWISE study with minority elders to determine the optimal presentation format for the intervention (AustinWells, Zimmerman, & McDougall, 2003) , and examples given in lectures for control group participants reflected life situations familiar to the participants (Austin-Wells et al., 2006; McDougall et al., 2015) .
Lastly, a number of more personalized strategies have been recommended to overcome economic and time constraints (i.e., schedule/time conflicts, lack of transportation). Studies have reported that scheduling visits at the older participants' homes, making reminder calls, providing financial or in-kind incentives, among other strategies, have shown better participant retention in minority elders (Areán & Gallagher-Thompson, 1996; Barnes et al., 2012; Gallagher-Thompson et al., 2006) . For example, classes were scheduled at a time most convenient for participants immediately after recruitment in SeniorWISE, and this flexibility resulted in high retention rates (McDougall et al., 2015) . Although the effectiveness of these personalized strategies is not limited to studies that enroll minority participants, they have been repeatedly advocated for as strategies associated with greater minority participation in aging research (Areán & Gallagher-Thompson, 1996; Barnes et al., 2012; Gallagher-Thompson et al., 2006; Yancey, Ortega, & Kumanyika, 2006) . Building upon the knowledge base for recruitment and retention of minority participation from the broader aging research literature, future cognitive training studies will need to consider ways to deliver the intervention in these communities. We observed enhanced interactions with the community as a distinctive feature of the three studies (ACTIVE, SeniorWISE, and TEAM) that were more successful in enrolling ethnic minority participants. Successful partnerships with key community members may involve using a number of different strategies, including but not limited to holding focus groups or interviews in the early stages of the study. These are nontrivial steps that can help build trust in the community, thus facilitating enrollment of community members in research (Moreno-John et al., 2004) . Furthermore, successful partnerships may improve the project teams' abilities to gather crucial feedback that can be incorporated into designing more engaging and appealing cognitive training programs that cater to diverse participants in the community.
Population aging will be driving a rise in the prevalence of cognitive impairment in older adults in the United States. The needs for health care and services to older adults will continue to challenge public health efforts in preventing or delaying cognitive decline. One aim of the National Plan to address Alzheimer's disease, as a result of the 2014 National Alzheimer's Project Act, was to increase enrollment and retention of minority older adults to inform clinical practice and reduce health disparities (https://aspe.hhs.gov/ national-plan-address-alzheimers-disease-2015-update). In the recently proposed "National Institute on Aging (NIA) Health Disparities Research Framework," ethnicity and race are two of the "fundamental factors" (others are gender, age, disability status, identity) that determine priority populations for health disparities research (Hill, Pérez-Stable, Anderson, & Bernard, 2015) , and the framework will be used to assess progress in health disparities research. It is important to establish a common understanding of the underlying mechanisms in cognitive training that may or may not be beneficial in race/ethnic minority older adults. More research needs to be conducted, with sufficiently sampled sizes of participants representative of various race/ ethnic minority populations. For example, minority participants in the SeniorWISE study received significantly greater benefits when compared to White participants from memory training, but the authors were unable to compare their findings with other cognitive training studies, since no other cognitive training studies have examined potential moderating effects of race and ethnicity on cognitive training interventions (McDougall et al., 2010b) . Cognitive training researchers will also need to be sensitive to methodological challenges related to recruitment methods. Broadly relevant to the field of cognitive aging research, but certainly applicable to cognitive training research, is the issue of recruitment bias. Manly and Mungas (2015) argued that moving away from more traditional recruitment methods may result in a very select group of race/ethnic minority older adults, while older research participants are already more likely to be from a selected group (e.g., healthier, better educated). This is a valid concern, but we want to recognize that we have much more to learn about how different recruitment and retention approaches affect intervention effectiveness. It could be that a more tailored approach to recruitment and retention would attract more diverse (and perhaps larger) samples of race/ethnic racial groups to cognitive training studies, and actually result in a reduction of recruitment bias.
Perhaps it is also time to start asking research questions differently when conducting cognitive training studies with diverse populations. Whitfield, Allaire, Belue, & Edwards (2008) thoughtfully presented their argument that simple comparisons between race/ethnic groups, and the fact that Caucasians are most often the default comparison group can lead to misconstrued conclusions about race/ethnic differences. More studies are needed to explore training effects within race/ethnic groups. For example, in the context of cognitive training research, instead of asking, "Are there race differences in the outcomes of the cognitive training?" one might ask "Does sex (or other potential modifiers or mediators, e.g., education, acculturation, socioeconomic status) change the effect of cognitive training for ethnic minority elderly?"
Cognitive training interventions hold significant potential to improve cognitive health both at the individual and population level. Given the rapid demographic shift, a better understanding of race/ethnic related factors could lead to developing more culturally appropriate and effective interventions that may improve the lives of an even greater number of older adults in the United States.
